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Abstract] The resistance to six insecticides in the field populations of Diaeretiella rapae[] Hymenopteral] Aphidiidae[[]a 
parasitoid of vegetable aphid collected in Jianxin[] Fuzhou City[] and Shangjie[] Minhou County[] Fujian[] China[] was studied using 
dry residual film method. The susceptibility to insecticides in a field population of D. rapae increased significantly after being 





reared in the field insectarium under insecticide-free conditions. Compared to susceptible Fy, reared in the insectarium[] the 
resistance ratios were 11.8 — 31.2 for methamidophos[] 9.3 — 14.7 for fipronil[] 9.3 — 35.7 for avermectin[] 7.0 — 16.6 for 
fenvalerate and 13.3 – 30.1 for imidacloprid[] respectively in Shangjie populations during June 8[] 2002 to November 180 2004[] 
and 7.5 – 34.9 for methamidophos[] 4.0 — 14.3 for fipronil[] 9.2 — 38.6 for avermectin[] 7.8 — 18.9 for fenvalerate and 12.1 — 
24.2 for imidacloprid[] respectively in Shangjie populations during June 5[] 2003 to December 172004. RR in field populations 
of D. rapae was the highest in Мау early June and November{] lower in December{] and the lowest in the end of June. In 
particulaf] RR decreased markedly in about 20 days from the beginning to the end in June. The results indicated that the 
resistance levels to methamidosphos|[] fipronil[] avermectin[] fenvalerate[] cypermethrin and imidacloprid in D. rapae were not 

















stable after relaxation from the selection pressure of insecticide[] and that there existed significantly seasonal variations of 
resistance levels to the six insecticides in D. rapae . 
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Eulophidae [] [] Rathman et al.[] 1990[] and 


1 INTRODUCTION 


Interests in studying the effects of insecticides on 
predators and parasitoids related to the integrated pest 
management[] IPM[] have increased greatly during the 
past decades. More and more researches on the 
susceptibility and selectivity of insecticides[] which 
included the entire spectrum of synthetic compounds[] 
the compatible agents and the plant-based pesticides[] 
against predators and parasitoids were reported] Saito et 
al.[] 19910 Loke et ої. 1992[] Weintraub and 
Horouritz[] 1998[] Tillman and Mulrooney[] 20000 Hill 
and Foster[] 2000[] Villanueva-Jimenez et al .[] 20000 
Bell et al .[] 2001[]. A few researches on the insecticide 
resistance in parasitoids had been reported in two 
important stored-product insect parasitoids[] 
Anisopteromal calandra|] Howard П [] Hymenopteral[] 
Pteromalidae[] and Bracon hebetor[] Hymenoptera[] 
Braconidae 0 [ Baker] 1995[]] and in leafminer 
parasitoids Diglyphus begini [|] Hymenoptera[] 





Ganaspidium utilis П Hymenoptera[] — Eucoilidae [] 

П Rathman et al .[] 1995[]. The stability of fenvalerate 
resistance in D. beginil] Spollen et al .[] 1995[[] and 
the stability of malathion resistance in А. calandrae 
and B. hebetor[] Baker[] 1995[] were also reported. 
Howevei[] the research on the insecticide resistance in 
parasitoids was still sparse in general. 

Diaeretiella  rapae[] M'Intosh 0 0 Hymenopteral[] 
Aphidiidae[[] a hymenopteran aphid parasitoid has 
been known as a dominant species among many 
parasitoids recorded on cruciferous vegetable aphid 
Lipaphis erysimi|]] Kaltenbach[] in Fuzhou[] Fujian 
Provincd] China[] Chen[] 1997[]. El-Ghar et al. 
O 1989[] reported the impacts of two synthetic pyrethroids 
and methomyl on Brevicoryne brassicaá] L.[] and its 
parasitoid D. rapae. Similar researches were 
conducted to discover the effects of insecticides 
including organophosphate[] carbamate and pyrethroid 
insecticides оп D. rapak] Milevoj and Stukelj[] 19960 
Lankin et al.[] 1997[]. The effects of insecticides on 
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biological characteristics of D.  rapae|] such as 
malathion[] permethrin[] methomyl and acephate on the 
emergence] survival[] longevity and fecundity[] Hsieh 
and Allen[] 1986[[] long-term effects of methomyl[] 
prothiofos[] isoxathion[] tralomethrin and cypermethrin 
on the wasp[] El-Ghar and El-sayed[] 1992 1 and 
pirimicarb[] permethrin and malathion on the 
distribution of the foraging wasp on plants[] Gu and 
Waage[] 1990[] Umoru et al.[] 1996[[] had been 
reported. The antagonism of enzyme inhibitors[] PBL 
TPP and РЕМО on the resistance levels to insecticides 
in D. rapae was reported by Wu et al.[] 2004a[]. 
However] the effect of the climate condition on the 
resistance levels to insecticides in parasitoids was 
limited. 

In this work[] we report the seasonal variations of 
resistance to six insecticides in the field populations of 
D. rapae collected from two vegetable districts in 


Fujian[] China during April 2001 to December 2004. 
2 MATERIALS AND METHODS 


2.1 Sources of insecticide-susceptible and resistant 
D. rapae 

Pupae of D. rapae were collected from 
commercial cauliflower vegetable fields in Jianxin[] 
Fuzhou City[] and in Shangjie[] Minhou County[] Fujian 
Provined] China. Organophosphate[] ОРО carbamate 
and pyrethroid insecticides[] avermectin[] fipronil and 
imidacloprid have been used to control pest insects[] 
such as Plutella xylostella or Phyllotreta striolata or L. 
erysimi[] in crucifer vegetable fields. Thus[] D. rapae 
population was under the selection pressure of the 
insecticides even the insecticides were not used to 
control aphids. 

A field population of D. rapae[] collected from 
the field in Jianxin[] was introduced into the insectarium 
under field condition in April 20010 and reared on L. 
erysimi which was also collected from the same 
vegetable field in Jianxin. The host L. erysimi was fed 
on cauliflower plants. The insectarium was constructed 
with a stainless-steel net and a glass roof at the Fujian 
Agriculture and Forestry University[] Fuzhou[] Fujian. 
The insects in insectarium were kept free from any 
insecticides and the parasitoids from outside. The 
susceptibilities of its Е; to insecticides were detected in 
June 2002 when 21 generations had been reared since 
the field Fo parents of D. rapae were introduced into 
the insectarium in April 2001. 

Another three field populations of D. rapae were 
collected from Jianxin in June 2002[] and in November 
2004[] respectively. In addition[] eight field populations 
of D. rapae were collected from Shangjie during June 
2003 to December 2004[] respectively . 


In this experiment[] Fj; was tentatively used an 


insecticide-susceptible strain[] and the field populations 
were used as resistant strains. 
2.2 Insecticides 

Technical grade insecticides[] except fipronil which 
was a commercial formulation] were used. Their 
sources аге[] methamidophos [] 90%  pure[] from 
Shangming Insecticide Co.[] Ltd.[] Fujian[] China[] 
fenvaleratd] 96% pure[] from Sumitomo Chemical Со. 
Ltd. [] Osaka[] Japan[] imidacloprid] 92% pure[T] gift 
of Prof. WANG Kai-Yun[] Shandong Agricultural 
UniversityL] Shandong[] China[] avermectin[] 95.7% 
pure[] from North China Pharmaceutical Group 
Corporation Aino Co.[] Ltd.[] Hubei[] China[] fipronil 

[] regent[] 5% SC[] from Rhone-Poulenc[] AG] France. 
2.3 Bioassay 

Parasitized L. erysimi and its mummies collected 
from the insectarium or vegetable fields were reared in 
an environmental chamber at 25 + 1°C under a 
photoperiod of 16:8[] L: D[] before the bioassay. The 
newly emerged adults of D. rapae were used for the 
bioassay. The bioassay was conducted by a dry film 
method as reported by Wu and Jiang] 2004[]. Adults of 
D. rapae were introduced into the vial and left in 
contact with the insecticide for 24 h. The vial was 
provided with a 15% honey solution for food. The 
mortality was recorded at 24 h after treatment. 

All tests were conducted in an environmental 
chamber at 25 + 1% at a photoperiod of 16:8] L:D[]. 
The death of an insect due to insecticide contact was 
determined by its lack of response to a pencil tip 
prodding. The control was treated with the solvent only . 
No mortality was observed for the control throughout the 
entire experiments. To calculate LCso[] a series of five 
concentrations plus an untreated control were tested[] 
and each concentration was replicated three times[] with 
10 or 15 individual samples per replication. Each LCso 
was calculated based on five concentrations and their 
corresponding mortalities assayed with about 150 or 225 
adults. The bioassay data were analyzed by probit 
analysid] Finney[] 1971[]. 


3 RESULTS 


3.1 Evaluation of resistance to the six insecticides 
in the field population of D. rapae 

Compared to the susceptible Е, progenies[] RRs in 
Jianxin population мее 11.8 - 31.2 for 
methamidophoq] 9.3 — 14.7 for fipronil[] 9.3 - 35.7 
for avermectin[] 7.0 — 16.6 for fenvalerate and 13.3 – 
30.1 for imidacloprid[] respectively during June 8[] 2002 
to November 18[] 2004[] and RRs in Shangjie population 
were 7.5 — 34.9 for methamidophos[] 4.0 — 14.3 for 
бргоп 9.2 — 38.6 for avermectin[] 7.9 — 18.9 for 
fenvalerate and 12.1— 24.2 for  imidacloprid[] 
respectively during June 5[] 2003 to December 17[] 2004 
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[] Table 1[] 2[]. High resistance levels to the six 


insecticides were found in Jianxin and Shangjie 


populations of D. гарае. 


Table 1 Comparisons of susceptibility to insecticides between susceptible Е, progenies in insectarium and 
resistant field population from Jianxin| | Fuzhou| | China in D. rapae 






































Insecticide Colonies Date LCS] mg L^ ![ 95% CLO 24 h Slope + SE RR* 
Methamidophos Jianxin Jun. 8[] 2002 2.8 2.44 - 3.25(] 3.79 € 0.42 23.5 
Jianxin Jun. 270 2002 1.40] 1.22 - 1.660 3.31 € 0.30 11.8 

Jianxin Nov. 18[] 2004 3.78] 3.26 - 4.300 4.75 x 0.70 31.2 

Insectariunt] №, [] Jun. 8[] 2002 0.19 0.11 - 0.130 5.73 +0.87 1.0 

Fipronil Jianxin Jun. 8[] 2002 0.48] 0.40 — 0.49[] 5.43 € 0.56 14.7 
Jianxin Jun. 270 2002 0.28 0.24 - 0.33[] 3.50 € 0.41 9.3 

Jianxin Nov. 18[] 2004 0.30) 0.34 0.45] 5.52 + 0.85 13.0 

Insectariuld. Ej, 0 Jun. 8[] 2002 0.030 0.028 – 0.033[] 7.37 x 0.80 1.0 

Avermectin Jianxin Jun. 8[] 2002 5.42] 4.81-6.10” 4.37 x 0.72 24.6 
Jianxin Jun. 270 2002 2.08] 2.49 – 3.03[] 3.95 +0.51 9.3 

Jianxin Nov. 18[] 2004 7.88 6.56 - 9.41[] 3.53 + 0.38 35.7 

Insectariunt] №, О Jun. 80 2002 0.22] 0.19-0.24[P 5.75 + 0.67 1.0 

Fenvalerate Jianxin Jun. 8[] 2002 83.4 72.1 -96.50 3.770 x 0.60 12.3 
Jianxin Jun. 270 2002 47.8] 40.4 — 55.4[] 3.38 + 0.36 7.0 

Jianxin Nov. 18[] 2004 110 94.6 - 1330 3.82 +0.28 16.6 

Insectariuld Б, [] Jun. 8[] 2002 6.76 6.17 - 7.41] 5.36 + 0.82 1.0 

Imidacloprid Jianxin Jun. 8[] 2002 5.10 4.30 - 6.077 3.19 + 0.49 30.1 
Jianxin Jun. 270 2002 2.28 2.01 - 2.550 4.16 x 0.23 13.3 

Jianxin Nov. 18[] 2004 4.07] 3.40 4.840 3.86 + 0.39 23.9 

Insectariuld Б, 0 Jun. 80 2002 0.17 0.16- 0.800 5.68 + 0.80 1.0 








al] Mortality was recorded immediately at 24 h after exposure to the dry film. LC; values were calculated based on mortality at 24 h. 


bO The data were cited from Wu et al П 2004а[]. 
cL] Resistance ratio= LCs in field population/LCs; in F»; [] respectively. 


3.2 Seasonal variations of insecticide resistance 
Different resistance levels to the six insecticides 
were found in the field populations of Jianxin and 
Shangjie of D. rapae in different time of a year. RR 
was the highest in May[] early June and November[] 
lower in December[] and the lowest in the end of June. 
RR decreased markedly in about 20 days from the 
beginning to the end in June and the differences were 
significant based on no overlap of 95% CL of LCs 


valued] Table 1[] 2[]. 
4 DISCUSSION 


4.1 Evaluation of resistance to the six insecticides 

OP[] carbamates[] — pyrethroids[] |^ avermectin[] 
fipronil and imidacloprid have been heavily sprayed for 
long time on cruciferous vegetables to control pest 
insects in the field in Jianxin and Minhou. According to 
our unpublished data[] compared with the susceptible 
host L. erysimi collected from the insecticide-free 
insectarium[] the RRs in a field population of L. 
erysimi collected from Jianxin in June 2002 were about 


40.0 for methamidophos[] 14.1 for fipronil[] 41.4 for 
avermectin] 81.3 for fenvalerate] 85.0 for 
cypermethrin and 28.0-fold for imidecloprid. In the 
present experiment[] D. rapae was shown to have 
developed high resistance to methamidosphos| ] fipronil[] 
avermectin[] fenvalerate[] cypermethrin and imidacloprid 
based on LCso at 24 H] Table 1 and 2[]. These data 
provide evidence that when under selection pressure by 
insecticides[] parasitoids[] like many pest insects[] can 
develop significant levels of resistance. 

Because an insect' s physiology could affected by 
weather conditions[] insecticide toxicity might vary with 
the seasons when the experiment was executed. Thus[] 
simultaneous tests to determine toxicity differences were 
conducted between the field and the insecticide-free 
insectarium population where the same weather 
conditions occurred. For instance] LCs) for 
methamidophos in a Jianxin field population of D. 
гарае[| = 2.82 mg/L[] was far higher than Һа = 
0.12 meg/L[] in Б, in the insectarium determined in 


June 80 2004] Table 10. 
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Table 2 Monitoring of resistance to insecticide in the field population of 
D. rapae in Shangjie[] Minhou[] China 



























































Insecticide Date LC] mg L-'[I] 95%С 24 hF Slope € SE Resistance ratio" 
Methamidophos Jun. 5[] 2003 2.1 1.89 - 2.42[] 3.82 + 0.25 17.8 
Jun. 260 2003 0.90 0.75 – 1.060 3.49+0.47 7.5 
Nov. 16[] 2003 4.19 3.23 - 5.42[] 2.72 € 0.36 34.9 
Dec. 23[] 2003 1.78 1.53 - 1.950 4.66 + 0.69 14.4 
May 26[] 2004 2.37 2.08 – 2.700 3.64 x 0.39 19.8 
Jun. 270 2004 1.18 0.97 - 1.310 4.62 +0.72 10.1 
Nov. 20[] 2004 3.80) 3.48 – 4.360 6.00 + 0.78 32.4 
Dec. 17[] 2004 2.56 2.05 – 3.250 3.48 x 0.56 21.3 
Fipronil Jun. 5[] 2003 0.30) 0.35 - 0.44[] 4.70 € 0.31 13.0 
Jun. 26[] 2003 0.18 0.14 - 0.200 4.32 € 0.56 5.3 
Nov. 16[] 2003 0.30 0.25 – 0.34[] 3.41 x 0.35 10.0 
Dec. 23[] 2003 0.28 0.20 — 0.260 4.20 + 0.68 TA 
May 26[] 2004 0.48 0.31 — 0.54[] 2.76 € 0.31 4.3 
Jun. 270 2004 0.18 0.10 — 0. 14[] 4.07 + 0.39 4.0 
Nov. 20[] 2004 0.30) 0.28 — 0.380 4.95 +0.79 10.7 
Dec. 17[] 2004 0.24] 0.21 - 0.280 4.34 € 0.61 8.0 
Avermectin Jun. 5[] 2003 4.38 3.80 - 5.060 3.78 x 0.33 19.9 
Jun. 26[] 2003 2.2] 1.89 - 2.61[] 3.19x 0.28 0.1 
Nov. 16[] 2003 5.9 5.18 – 6.800 3.40 + 0.48 27.0 
Dec. 230 2003 3.186 2.70 3.670 3.42 + 0.31 4.3 
Мау 260 2004 6.44 5.67 -7.310 4.12 +0.42 29.3 
Jun. 270 2004 2.02 1.70 - 2.43[] 3.55 + 0.24 9.2 
Nov. 200 2004 8.48 7.17 - 10.00 3.7] x 0.45 38.6 
Dec. 17[] 2004 4.79 4.13 - 5.56[] 4.55 € 0.61 21.8 
Fenvalerate Jun. 5[] 2003 128 107 - 1530 3.61 x 0.34 18.9 
Jun. 26[] 2003 52.0 45.6 - 61.3[] 3.62+0.52 7.8 
Nov. 16[] 2003 80.0 71.0 - 90.30 3.85 + 0.63 11.8 
Dec. 23[] 2003 53.7 46.9 - 61.4[] 3.87 x 0.37 7.9 
May 26[] 2004 75.8 68.5 – 83.80 4.97 + 0.33 11.2 
Jun. 270 2004 61.8 53.5 - 70.10 3.50 + 0.32 9.1 
Nov. 20[] 2004 12 101 - 1570 3.81 +0.52 18.3 
Dec. 17[] 2004 88.8 76.2 - 1030 4.18 € 0.43 13.1 
Imidacloprid Jun. 5[] 2003 3.98 3.48 – 4.450 4.39 + 0.27 23.1 
Jun. 26[] 2003 2.06 1.79 - 2.34[] 4.03 € 0.45 12.1 
Nov. 16[] 2003 4.10 3.56 -4.750 3.38 x 0.53 24.2 
Dec. 23[] 2003 3.2 2.80 – 3.820 3.34 x 0.43 19.2 
May 26[] 2004 3.80 3.30 - 4.39[] 3.45 x 0.46 22.4 
Jun. 270 2004 2.20 1.93 - 2.520 4.05 + 0.34 13.0 
Nov. 20[] 2004 4.07 3.55 - 4.670 4.78 € 0.61 23.9 
Dec. 17[] 2004 3.30 2.86 – 3.870 4.74 +0.59 19.4 








al] Mortality were recorded immediately at 24 h after exposure to the dry film. LCsọ values were calculated based on mortality at 24 h. 
Ы] Resistance ratio = LCsp in the field populations/LCsy in the Fy, shown as in Table 1. 


4.2 Seasonal variations of insecticide resistance 
The variations of resistance to the six insecticides 
during different months in Jianxin and Shangjie 
rapae might be related to the 
seasonal changes in their exposure to insecticides. Low 


resistance levels to the six insecticides were found in 


populations of D. 


December and in the end of June. In particular[] the 
resistance levels declined sharply in about 20 days in 
June[] and the differences were significant based on no 
overlap of 95% CL of 1С values. Only one or two 


generations had happened in this period. Perhaps[] low 
ecological fitness in insecticide-resistant strains caused 
by high temperatur] during the last ten of June[] or low 
temperaturd] in December[] could be involved in the 
rapid decline of insecticide resistance in the field 
populations of D. rapae. And low ecological fitness in 
insecticide-resistant strains of D. rapae might be a 
more important factor. Liu et al [] 2004[] reported that 
the population trend index both in imidacloprid- 
susceptible and resistant Nilaparvata lugens was higher 
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at 25°C than at 32°C and 18?C[] and the index at the 
three temperatures in the resistant strain was all lower 
than those in the susceptible strain[] respectively. The 
fact might indicate that there existed the resistance cost 
for resistant insects in their development of resistance to 
insecticides. This will be a future subject for study. 
According to our results[] the effects of high temperature 
on the resistance levels were more significant compared 
to low temperature in this study. This might be related 
to the subtropical climate in Fuzhou and Minhou[] where 
air temperature was very high in summer[] but not so low 
in winter. 

Our results provide some indications that 
resistance levels in D. rapae declined easily after 
relaxation from the selection pressure of insecticide. 
Especially[] significantly seasonal variations of 
resistance levels to the six insecticides in D. rapae 
were found. The seasonal changes of resistance to 
insecticides were also found in Plutella xylostella and 
its parasitoid Cotesia plutellael] Wu et al .[] 2004b[]. 
Resistance levels to methamidophos in P. xylostella 
and C. plutellae were high during autumn and spring[] 
and low during summer. In this study[] low resistance 
levels to five different classes of insecticides in both 
summer and winter were found in D. rapae. It would 
be helpful to choose the control strategy in the 
management of pest insect resistance to insecticides 
based on evaluating the seasonal dynamics of resistance 
to insecticides in the field populations of pest insects 
and natural enemies. 
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